To determine the effects of intravitreal anti-vascular endothelial growth factor (VEGF) on thickness of the retinal nerve fiber layer (RNFL) in patients with age-related macular degeneration. Methods: Twenty eyes of 20 patients diagnosed with age-related macular degeneration who underwent intravitreal anti-VEGF injection were studied. Postinjection RNFL thickness was measured using optical coherence tomography. Average thickness, four-quadrant RNFL thicknesses, and intraocular pressure (IOP) in affected eyes were measured before and 6 and 12 months after anti-VEGF injection for comparison. RNFL thickness and IOP in affected and normal fellow eyes were also compared. Given that macular lesions can affect RNFL thickness, the changes in thickness were evaluated by dividing the 12 clock-hour RNFL into the pathologic areas adjacent to the lesion and the non-pathologic area. Results: The mean clock-hour segment in the pathologic area was 4.8 hours. A significantly thicker RNFL was exhibited in temporal quadrants and pathologic areas (p = 0.043 and 0.048, respectively) in affected eyes before injection compared to the baseline RNFL thickness in normal eyes. No significant differences were found in RNFL thickness or IOP between affected and normal eyes after injection. The changes over time in the temporal and pathologic areas were statistically significant at 6 and 12 months after injection compared to baseline data (p < 0.05). No significant differences were displayed in RNFL thickness in the other three quadrants or in non-pathologic areas in either affected or normal eyes. Sequential changes in RNFL thickness in affected eyes were not significant. Conclusions: Repeat intravitreal anti-VEGF treatment did not have a significant effect on RNFL thickness.
ing angiogenesis and macular edema [1] [2] [3] .
The efficacies of the anti-VEGF agents ranibizumab (Lucentis; Genentech, San Francisco, CA, USA) and bevacizumab (Avastin, Genentech) have been illustrated in many studies, although some complications have been reported [4] [5] [6] [7] . Elevated intraocular pressure is a common complication following intravitreal injection of anti-VEGF. In some studies, intraocular pressure increased steeply following injection but declined to normal levels within 10 to 30 minutes [8] [9] [10] [11] . In other studies, intraocular pressure remained elevated for some time following injection [12] [13] [14] . Some studies have also suggested that blocking VEGF with antagonists leads to nerve damage, given the role of VEGF in neurophysiological processes [15] [16] [17] .
Because the effects of intravitreally injected VEGF medications are of limited duration, repeated injections are required for long-term VEGF-inhibiting effects. Repeat intravitreal injection might result in sustained intraocular pressure, and blocking VEGF might cause optic nerve damage. Therefore, the effects of repeat intravitreal anti-VEGF injection on the optic nerve were evaluated in patients with AMD, based on spectral domain optical coherence tomography (OCT) retinal nerve fiber layer (RNFL) thickness measurements.
Materials and Methods

Study population
This was a prospective cohort study. The protocol was approved by the institutional review board of Chungnam National University Hospital. All participants signed informed consent forms, and the study adhered to the tenets of the Declaration of Helsinki.
The study initially included 24 eyes of 24 patients who presented to the retina clinic at the hospital, were diagnosed with unilateral exudative AMD, and underwent anti-VEGF treatment with intravitreal ranibizumab. Normal fellow eyes served as the control group. All subjects received three intravitreal injections of ranibizumab at monthly intervals from the diagnosis date. Additional injections were administered if necessary, depending on the presence of macular edema or hemorrhage.
Subjects were excluded if they had an eye disorder that could affect RNFL thickness, such as glaucoma or retinal vessel obstruction, a history of photodynamic treatment for macular degeneration, bilateral exudative AMD, or a history of intraocular surgery such as vitrectomy. In addition, four of the initial patients were excluded because of poor data quality, resulting in a total of 20 eyes of 20 patients included for final analysis.
All subjects underwent intraocular pressure measurement, slit-lamp examination, and fundus examination. The average and four-quadrant RNFL thicknesses were measured in the affected and normal counterpart eyes using a Cirrus spectral domain OCT (Carl Zeiss Meditec, Dublin, CA, USA).
Measurement of retinal nerve fiber layer thickness
RNFL thickness was measured before and 6 and 12 months after intravitreal injection with the optic disc cube mode of Cirrus spectral domain OCT. OCT was performed by an experienced examiner. Poor-quality images with a signal strength less than 5 and any scans with visible eye movements, blinking artifacts, or poor centration were excluded. Also, images with missing parts, misplacement of boundaries between retinal layers, or images showing seemingly distorted anatomy that resulted in readings of zero or otherwise abnormally low values were discarded to prevent algorithm segmentation failure. All eyes were scanned twice to evaluate reproducibility, and good reproducibility was achieved based on intraclass correlation coefficients of 0.941 to 0.989. The Optic Disc Cube 200 × 200 scanning program (Cirrus HD-OCT, Carl Zeiss Meditec) obtains 200 A-scans from 200 linear B-scans evenly distributed in a 6 mm × 6 mm area centered over the optic nerve. This scanning mode was used to measure the average and four-quadrant RNFL thicknesses.
RNFL thicknesses were measured in affected eyes before and 6 and 12 months after intravitreal injection for sequential comparison. RNFL thickness in affected and normal eyes was also compared. RNFL thickness was divided into 12 segments of 30 degrees for 12 clock-hour RNFL thickness measurements.
Under the assumption that macular lesions affect RNFL thickness, changes in average thickness were evaluated after dividing the 12 clock-hour RNFL thickness measurements into pathologic area, including the lesion, and non-pathologic area of the affected eye and the corresponding area of the normal fellow eye (Fig. 1A and 1B) .
Measurement of intraocular pressure
Intraocular pressure measurements were obtained using a Goldmann applanation tonometer before and 6 and 12 months after intravitreal injection for sequential comparison. Intraocular pressure in affected and normal eyes was also compared.
Statistical analysis
Statistical analysis was performed using PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA). Sequential time-related changes in RNFL thickness in affected and normal eyes were analyzed using Wilcox signed-ranks tests. The comparison of RNFL thickness between affected and normal eyes at different time points was conducted using a Mann-Whitney U-test. A p-value less than 0.05 was considered statistically significant.
Results
Twenty eyes of 20 patients were enrolled, of whom 13 were male and seven were female with a median age of 67.1 ± 8.9 years. The average best-corrected visual acuity was 0.5 ± 0.6 (logarithm of the minimum angle of resolution), and the mean intraocular pressure was 15.3 ± 2.6 mmHg. The mean number of anti-VEGF injections was 5.0 ± 1.0, and the mean clock-hour segment in the pathologic area was 4.8 ± 0.5 in the 12 clock-hour RNFL thickness analysis (Table 1) .
Average and quadrant retinal nerve fiber layer thickness
The overall average RNFL thickness at baseline was 98.0 ± 6.8 µm in affected eyes and 94.5 ± 7.3 µm in normal eyes ( p = 0.146). Postinjection differences in RNFL thickness between the two groups were not significant at 6 or 12 months ( p = 0.892 and 0.776, respectively). The average RNFL thickness in affected eyes was 96.3 ± 4.2 µm at 6 months and 95.5 ± 4.3 µm at 12 months after intravitreal injection, showing no significant difference from baseline ( p = 0.153 and 0.070, respectively).
Segmental RNFL thickness in the superior, inferior, and nasal quadrants did not exhibit significant changes in the affected or normal eyes at 6 and 12 months postinjection compared to baseline RNFL thickness ( p > 0.05). Postinjection changes in RNFL thickness were not significant in affected eyes over time ( p > 0.05).
Temporal RNFL thickness at baseline was 84.4 ± 20.9 µm in affected eyes, which was significantly thicker than the 73.0 ± 9.7 µm observed in normal eyes ( p = 0.043). However, postinjection differences in temporal RNFL thickness between the two groups were not significant at 6 Values are presented as number or mean ± standard deviation. OD = right eye; OS = left eye; BCVA = best-corrected visual acuity; logMAR = logarithm of the minimum angle of resolution; RNFL = retinal nerve fiber layer.
or 12 months ( p = 0.464 and 0.787, respectively). Time-related changes in temporal RNFL thickness were significant in affected eyes 6 and 12 months after injection compared to baseline (p = 0.012 and 0.006, respectively) ( Table  2 and Fig. 2 ).
Clock-hour thickness in pathologic and non-pathologic areas
The overall average RNFL thickness at baseline was 85.8 ± 21.2 µm in the pathologic area of affected eyes, which was significantly greater than the 74.0 ± 10.0 µm measured in normal eyes ( p = 0.048). However, postinjection differences in RFNL thickness were not significant between affected and normal eyes at 6 or 12 months ( p = 0.607 and 0.665, respectively). Longitudinal changes in RNFL thickness in the pathologic areas were significant in affected eyes at 6 and 12 months postinjection compared to baseline (p = 0.011 and 0.005, respectively).
The average RNFL thickness in the non-pathologic area was not significantly different between affected and normal eyes ( p > 0.05). The average postinjection RNFL thickness did not change significantly in affected eyes over time (Table 3 and Fig. 3 ).
Average intraocular pressure
The average intraocular pressure at baseline was 15.3 ± 2.6 mmHg in affected eyes and 16.0 ± 2.9 mmHg in normal eyes, showing no significant difference ( p = 0.473). Postinjection differences in intraocular pressure between the two groups were not significant at 6 or 12 months ( p = 1.000 and 0.534, respectively) ( Table 4) .
Discussion
Intravitreal anti-VEGF injection is commonly used in the treatment of a wide variety of retinal diseases, including exudative AMD. However, intravitreal injection can result in complications, including endophthalmitis, intraocular hemorrhage, and ocular hypertension. Several studies have addressed these complications [4] [5] [6] [7] .
Temporary ocular hypertension following intravitreal anti-VEGF injection is caused by increased intraocular volume [8, 9, 11] . Falkenstein et al. [9] reported that the average intraocular pressure soared to 36.3 mmHg from a baseline of 15.2 mmHg 3 minutes after intravitreal injection of 0.05 mL bevacizumab in 70 patients. However, the mean intraocular pressure decreased to 24.6 mmHg at 10 minutes, and intraocular pressure in all eyes decreased to less than 30 mmHg after 15 minutes. Sharei et al. [11] also reported that intraocular pressure increased to more than 40 mmHg immediately after intravitreal injection of 0.05 mL ranibizumab in 71.1% of 45 patients but decreased to 21 mmHg at 10 minutes. On the other hand, some studies have observed a longer duration of ocular hypertension. Kahook et al. [12] reported six cases of chronic ocular hypertension after one-time or repeat injection of bevacizumab and cited aqueous outflow induced by an accumulated trabecular meshwork and inflammatory responses as the cause of sustained ocular hypertension [15] .
In our study, intraocular pressure measurements of affected and normal eyes were obtained 6 and 12 months after intravitreal injection for comparison. The difference in mean intraocular pressure was not significantly different between the affected and normal eyes.
In addition, anti-VEGF drugs can have adverse effects on neuronal cells due to the blockage of VEGF [16] [17] [18] [19] . Considering that VEGF is involved in the survival of neuronal cells and has neuroprotective and neurotrophic actions in addition to its angiogenesis role [16, 17] , anti-VEGF treatment can affect the neurophysiologic role of VEGF and cause damage to optic nerves.
Because the effects of anti-VEGF agents are of limited duration, repeated intravitreal injections are required in many cases. As a result, brief ocular hypertension, increased intraocular pressure fluctuations, changes in ocular blood flow, and adverse effects on the optic nerve can ensue.
Seth et al. [20] analyzed changes in the cup-to-disc ratio in 23 eyes over 9 months following repeat intravitreal injection of pegaptanib. They observed no statistically significant changes in the ratio between treated and normal eyes. Horsley et al. [19] retrospectively assessed changes in RNFL thickness in patients with AMD following repeat intravitreal anti-VEGF injection using stratus OCT and reported no significant postinjection changes in RNFL thick- ness throughout the follow-up period. Another study assessed RNFL thickness in 49 eyes of 49 patients with AMD using stratus OCT for 12 months after an average of 4.8 intravitreal injections of an anti-VEGF agent [21] . They found that average RNFL was significantly thinner at 12 months compared to baseline values. They also found that RNFL thickness significantly decreased in the superior, inferior, and temporal quadrants at 12 months compared to baseline data. However, there was no significant change in nasal RNFL thickness. In the present study, RNFL thickness at baseline was significantly greater in the temporal and pathologic areas of affected eyes compared to normal eyes. However, no significant difference was displayed between the two groups after injection. RNFL thickness in the temporal and pathologic areas of affected eyes did, however, display significant changes at sequential time points after injection. Longitudinal changes in RNFL thickness were not significant in quadrants other than the temporal quadrant in non-pathologic areas of affected eyes. Therefore, the reduction in RNFL thickness in the pathologic area is more likely to be due to a change in the macular lesion rather than a result of increased pressure due to anti-VEGF administration. That is, RNFL thickness was increased at baseline due to an exudative lesion, edema, or hemorrhage in the macular area [22] , and RNFL thickness was reduced 6 and 12 months after injection because the exudative lesion improved after repeat injection. This conclusion is supported by the findings of greater RNFL thickness in the temporal quadrant in affected eyes at baseline compared to that of normal eyes, without a significant difference in postinjection RNFL thickness between the two groups. The mean clock-hour RNFL segment in the pathologic area was 4.8 hours. This area overlapped that of the temporal quadrant, leading to similar changes in RNFL thickness.
Hwang et al. [22] described two reasons for increased RNFL thickness in diabetic macular edema (DME) patients. First, an increase in temporal sector RNFL thickness in patients with acutely worsening DME might be related to a change in macular tomography due to macular edema. Second, the breakdown of the inner blood retinal barrier in RNFL causes RNFL edema, which then results in increased RNFL thickness in all sectors in patients with chronic DME. The present study targeted AMD patients rather than DME patients. Thus, a similar increase in temporal sector RNFL thickness at baseline in patients with AMD might be related to changes in macular tomography due to macular edema.
This prospective study represents an improvement over previous studies. Spectral domain-OCT was used, which offers better reproducibility than time-domain OCT. Four-quadrant RNFL thickness measures were conducted in addition to an overall assessment of average RNFL thickness. Additionally, pathologic and non-pathologic areas close to and distant from the macular lesions were separately evaluated.
In conclusion, repeat intravitreal anti-VEGF treatment did not have a significant effect on overall RNFL thickness. However, RNFL thickness significantly decreased with time in the temporal and pathologic areas. It can be concluded that the reduction in RNFL thickness was more associated with changes in the macular lesion rather than with anti-VEGF injection. Long-term prospective studies with more subjects are needed to investigate the long-term effects of anti-VEGF treatment in various disease states.
